Background
Cardiovascular disease (CVD) is one of the most common and serious diseases in modern society. 1 The atherosclerotic process is complex and involves inflammation
There are several early signs and well-known risk factors for CVD, such as high blood pressure, hyperlipidemia, elevated percentage of body fat, and homeostasis model assessment of insulin resistance (IR). On the other hand, aerobic fitness is known to prevent insulin resistance due to its effects on insulin sensitivity. [3] [4] [5] Aerobic fitness also has effects on the blood lipid profile, on the total body fat, and on the inflammation that develops over time in the wall of the arteries and is a hallmark of atherosclerosis. 6 It is well known that the lifestyle factors increasing the risk of CVD include unhealthy dietary habits 7 and lack of physical activity. 8 In Sweden, the intake of saturated fat has increased since 2004 in both men and women. 9 In parallel with the dietary shift toward more lipids and less carbohydrates, body mass index (BMI) has increased during the 21st century. 9 Whether increased BMI in a young population is an effect of changes in dietary habits or a consequence of a more sedentary lifestyle with low fitness is not known.
It is vital to establish healthy habits already at a young age to prevent atherosclerosis. As recently reviewed, there are several studies on the impact of lifestyle factors on CVD in patients and the elderly. 10 Not so much is known about dietary habits, fitness, and their impact on early risk factors for CVD in young Swedish adults.
The aims of the present study were to 1) assess cardiometabolic biomarkers, cIMT as a marker of subclinical atherosclerosis, and lifestyle-related indicators (food habits, handgrip strength, and oxygen uptake, VO 2 max), 2) analyze the associations between cIMT and lifestyle factors, and 3) identify subjects at risk of CVD and compare the characteristics of subjects with and without risk of CVD.
Method

Study design
In the cross-sectional Lifestyle, Biomarker, and Atherosclerosis (LBA) study conducted at Örebro University, Sweden, young, self-reported healthy adults have been examined for early signs of atherosclerosis. The study has been ongoing for four University semesters, from October 2014 to June 2016. The subjects have been tested on two different occasions at 7-to 10-day intervals.
For the first visit, the subjects came to the laboratory in a fasting state. At this visit, lifestyle habits were reported through a questionnaire. Blood pressure and body composition were measured, and blood was drawn. After the first visit, the subjects were offered breakfast. Breakfast and feedback on test results were the only reward for participation in the study. During the second visit, not in a fasting state, cIMT, handgrip strength, and VO 2 max were tested.
Study population
Recruitment of the study population was done by advertisement at local schools, at the University, and in a local newspaper. Additionally, the University web platform and social media were used for recruitment. The inclusion criteria were as follows: the subjects should be 18.0-25.9 years old, healthy, ie, not diagnosed with any chronic disease, and nonsmokers.
Uppsala Ethics Committee approved the study design, Dnr: 2014/224. All subjects gave their written consent to participate and were informed that they could terminate their participation at any time.
Definition of lifestyle factors
Food habits and fitness have been used to define lifestyle factors. Food habits were measured by a questionnaire from the Swedish National Food Agency and characterized as unhealthy, normal, or healthy. 11 Fitness was measured as oxygen uptake, VO 2 max (ie, aerobic fitness), by an ergometer bike test, and muscle strength was measured by a handgrip test. Depending on the results, the subjects were categorized as having low, normal, or high aerobic fitness 12 and having low, normal, or high muscular strength. 13 
Definition of early risk factors for atherosclerosis
There are several criteria for categorizing subjects at risk of atherosclerosis and CVD. We used the definition recommended by Wildman, 14 with subjects having two or more of the following characteristics classified as being at risk: 
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Questionnaires about lifestyle and food habits
The participants filled in a validated 15 computerized questionnaire about their general physical and mental health. Additional questions on family background, heredity of CVD and diabetes, and exercise habits were also answered.
They also filled in the Swedish National Food Agency test "Matvanekollen". This is a short computerized food habit questionnaire. The result from the test is divided in scores from 1 to 12. The test is available on the Internet for private subjects and scientific studies, and it mirrors the food habits of the general Swedish population compared to the National Food Agency's recommendations on healthy food habits. The expected distribution of results using this specific questionnaire estimates that 20% of the subjects receive 1-4 points=unhealthy. They are recommended to improve their food habits. Approximately 70% score 5-8 points=normal, indicating healthy food habits with some potential for improvements. The last 10% are characterized as healthy=9-12 points with food habits according to the recommendations. A short feedback based on the result was given to the subjects from the software.
11
Blood pressure and body composition After 15 min seated, resting blood pressure and heart rate were measured using a digital automated device (Dinamap V100; GE Healthcare, Buckinghamshire, UK) with Dura-Cuf (GE Critikon Dura-cuf; GE Medical Systems, Milwaukee, WI, USA). Blood pressure was measured in the left arm in supine position. At least three measurements were conducted with 2 min intervals. When the difference between the two latest systolic pressures was less than 5 mmHg, the measurement was ended. The results for blood pressure and heart rate are reported as an average of the two latest results.
Height was measured with a fixed stadiometer to the nearest 0.5 cm, with the subjects standing without shoes, heels together, back straight, and arms extended alongside the body. Waist circumference was measured around the abdomen between the iliac crest and the lowest rib on exhalation, to the nearest 0.5 cm using a flexible, nonstretchable, measuring tape. 16 Body weight and percentage body fat were measured on Tanita, a bioelectrical impedance body composition analyzer (Tanita BC-418 MA; Tanita Europe B.V., Amsterdam, the Netherlands). The procedure was performed with the subjects standing barefoot on the metal surface conductive equipment according to the manufacturer's guidelines. Adjustments were made with 1 kg for clothes and the standard setting was used. 
Carotid intima-media thickness
Ultrasound measurements were performed using a highresolution B-mode system, (Vivid E9; GE Healthcare, Chicago, IL, USA) with a 12 MHz linear array transducer. The subjects were examined in a supine position with their heads slightly extended and turned approximately 45° to the left. The right common carotid artery was scanned with transverse and longitudinal views, and Doppler flow measurement was made to verify the location of the examination. The cIMT was measured over 10 mm in the longitudinal view in the common carotid artery on the far wall and 10 mm proximal to the carotid bulb with a lateral probe position, according to guidelines. 18, 19 Simultaneous electrocardiogram (ECG) recording enabled measurements in end diastole. The Vivid E9 semiautomated edge-detection program was used to identify intima-media thickness, and for reproducibility, measurements were performed on at least three different images. An average of three measurements with a difference less than 0.05 mm was reported, so was an average of the maximum values.
Measurement of cardiometabolic biomarkers
Blood samples were collected in the morning following an 8-12 h fasting period. The subjects rested for approximately 20 min prior to blood collection. The area for venipuncture was warmed up with a heating pad and cleaned with antiseptics. The tourniquet was placed approximately 10 cm above the venipuncture site. The venipuncture was performed using a 21-gauge butterfly needle (Vacuette ® ; Greiner Bio-One International GmbH, Rainbach im Mühlkreis, Austria), and as soon as blood flow was established, the tourniquet was released. After blood collection, all tubes (BD Vacutainer; BD AB, Stockholm, Sweden) were gently inverted several times.
For analyzing cholesterol, HDL-C, low-density lipoprotein cholesterol (LDL-C), triglycerides, and hs-CRP, blood was collected in 2×3 mL lithium-heparin tubes. Plasma was obtained by centrifugation at 2000× g for 8 min at room temperature and later placed at +4°C to await transportation to the accredited clinical chemistry laboratory at Örebro University Hospital.
One 3 mL citric acid-citrate-NaF tube was used to collect blood for glucose analysis. After extended inverting of the tube to prevent hemolysis, it was placed at room temperature or +4°C until transportation. For insulin analysis, serum was obtained by collecting blood in a 4 mL standard serum tube with clot activating substances. Before centrifugation at 2000x g for 8 min at room temperature, the blood was allowed to clot for at least 30 min.
Total cholesterol, HDL-C, LDL-C, triglycerides, and glucose (mmol/L) were analyzed on an Ortho Clinical Diagnostics (Vitros 5.1TM FS; Clinical Chemistry Instruments, Raritan, NJ, USA). The method for all except LDL-C was dry chemistry (colorimetric method) according to the manufacturer instructions. LDL-C was analyzed on the same instruments but with wet chemistry (antibody reaction) reagents from the instrument manufacturer according to their instructions.
Insulin (mU/L) was analyzed on an Architect i2000SR instrument from Abbott (Abbot Park, IL, USA), with their reagent according to their instructions on antibody-based technologies. hs-CRP was analyzed with the method from Siemens 20 (ADVIA 1800 Chemistry System; Upplands Väsby, Sweden).
HOMA-IR was calculated using Matthews' mathematical equation, insulin (mU/mL)×glucose (mmol/L)/22.5. In the present study, the ratio HOMA-IR was used as a measure of insulin resistance. 21 Oxygen uptake (VO 2 max)
The subjects performed a submaximal exercise test to calculate VO 2 max on a Monark 939E (Monark 939E; Monark Sports & Medical, Vansbro, Sweden). First, the height on the cycle saddle was adjusted to fit the subject and then an ECG device was attached to monitor heart rate (EC Sense; Cardiolex, Solna, Sweden). After questions about cycling capacity, the exercise test started on individually adjusted levels from 50 to 100 W. The cycling continued until a steady-state level was reached, and then the workload was increased by 25-50 W to reach the next steady-state level. After two steady-state levels with a heart rate above 130 on the first level and a second level above 150, the test was ended.
22 VO 2 max was calculated on a computerized program using the straight-line equation from the heart rates at the two steady states and the expected oxygen consumption per work rate. 22 Maximal heart rate was estimated through the formula 220 -age in years.
Subjects were categorized as having low, normal, or high VO 2 max according to reference values. Limits for VO 2 max categories for women were low (≤31 mL/kg/min), normal (31.1-38.9 mL/kg/min), and high (≥39 mL/kg/min) VO 2 max. 12 For men, the limits were low (≤38 mL/kg/min), normal (38.1-50.9 mL/kg/min), and high (≥51 mL/kg/min) VO 2 max. 12 
Handgrip strength
Muscle strength was assessed by Dynamometer (Baseline ® HiRes™ hydraulic hand dynamometer; Fabrication Enterprices Inc, Irvington, NY, USA). Hand size was measured with a measuring tape, and the dynamometer was adjusted to the right size. 23 The subjects sat with their arm at 90° and the dynamometer in the dominant hand. All subjects performed four measurements, one practice and three measurements with 1 min rest in-between. The result was calculated as an average of the measurements.
Subjects were categorized as having low, normal, or high muscular strength according to reference values. The limits for handgrip strength categories for women were low (≤22 kg), normal (22.1-34.9 kg), and high (≥35 kg) muscular strength. For men, the limits for handgrip strength categories were low (≤37 kg), normal (37.1-56.9 kg), and high (≥57 kg) muscular strength. 13 
Statistical methods
Statistical calculations were performed using IBM SPSS Statistics version 23.0 for Windows (IBM Corp, Armonk, NY, USA). All variables were checked for normality of distribution before the analysis. Differences between the sexes were analyzed by unpaired Student's t-test. Descriptive data on nonparametric variables (ie, the dietary habits and the Wildman risk score) are presented as median and interquartile range (Q1-Q3). Descriptive data on quantitative variables are presented as mean and standard deviation (SD). Statistical analysis on qualitative variables was performed using Spearman's correlation (rho) and Chi-2 test and Mann-Whitney U-test. Statistical analysis on quantitative variables was performed using Pearson's correlation coefficient (r) and two-sample t-test. Level of significance was set at P<0.05 for all analyses.
Results
Of the 840 subjects who volunteered to participate, 6 subjects were excluded. The excluded subjects felt and described themselves as healthy, but answers to the questionnaire showed that they were diagnosed and treated for a chronic disease such as diabetes or Crohn's disease. A total of 834 subjects (577 women and 257 men) were included in the study. In the LBA study, 10% of the participants reported having been born outside Sweden, and 24% of the participants reported to having at least one parent born outside Sweden. There are some missing values due to drop out before visit number 2 or technical difficulties. Results are missing as follows: waist circumference, 1 subject; cIMT 11, subjects; VO 2 max, 13 subjects; HDL-C and cholesterol, 5 subjects; LDL-C, 6 subjects; triglycerides, 4 subjects; hs-CRP, 12 subjects; 
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Risk factors for atherosclerosis in young adults insulin, 19 subjects; glucose, 13 subjects; and HOMA-IR, 25 subjects. The basic characteristics of the subjects divided by sex are shown in Table 1 .
Body composition
When divided by sex, BMI was distributed as follows: in women and men, 7.3% and 2.7% were classified as underweight, 77% and 70% had normal BMI (18.50-24.99), 13% and 25% were classified as overweight (25.00-29.99), and 3.5% and 2.3% were categorized as obese (≥30), respectively.
Food habits
In the study population, 24% scored 1-4 points, indicating unhealthy food habits with recommendation for improvement; 67% scored 5-8 points, indicating normal food habits; and 9.1% scored 9-12 points indicating healthy food habits. Compared with the general Swedish population, no statistical difference was found, P=0.65.
Handgrip strength
Handgrip strength showed that 3.3% of the women and 4.3% of the men were classified as having low muscular strength. A total of 49% of the women and 66% of the men had normal muscle strength for their sex and age. The remaining 47% of the women and 30% of the men were characterized as having high muscular strength.
Aerobic fitness measured as oxygen uptake, VO 2 max
Low aerobic fitness was present in 26% of the subjects, 40% had normal, and 34% had high aerobic fitness measured as VO 2 max (mL/kg/min). The results were divided by sex and distributed as follows: 22% of women had low VO 2 max (≤31 mL/kg/min), 37% had normal VO 2 max (31.1-38.9 mL/ kg/min), and the remaining 41% had high VO 2 max (≥39 mL/ kg/min). Of men, 36% had low VO 2 max (≤38 mL/kg/min), 44% had normal VO 2 max (38.1-50.9 mL/kg/min), and 20% had high VO 2 max (≥51 mL/kg/min).
cIMT
Average cIMT was 0.50±0.06 mm. In the female population, average cIMT was 0.49±0.06 mm, and in the male population 0.50±0.06 mm. In women, cIMT was correlated with food habits, r=0.09, P<0.05. In men, cIMT was correlated with handgrip, r=0.14, P<0.05. No correlation was found between cIMT and food habits in men, between cIMT and handgrip in women, or between cIMT and VO 2 max in both women and men.
Subjects with early risk factors for atherosclerosis according to Wildman
In this young and healthy population of nonsmoking subjects, only four subjects had blood pressure >130/85 mmHg, 27 subjects (3.2%) had triglycerides ≥1.70 mmol/L, and 32 subjects (3.9%) had glucose ≥5.6 mmol/L. High hs-CRP >5.07 mg/L was found in 48 of 822 subjects, indicating that 5.8% of the participating subjects had early signs of general inflammation.
HOMA-IR >2.52 was found in 124 of 809 subjects, and thus 15% were defined as insulin resistant. In women, 201 of 572 subjects had HDL-C <1.30 mmol/L, and in men, 63 of 257 subjects had HDL-C <1.04, showing that in this young population 35% of the women and 25% of the men had HDL-C lower than recommended according to Wildman. 14 In the study population, 98 subjects (12%) had two or more risk factors according to Wildman's definition and are categorized as having a metabolic phenotype vulnerable to CVD, ie, a risk population, designated in the following text as "subjects at risk". The characteristics of those subjects divided by sex are shown in Table 2 . As expected, all variables included in the calculation of the Wildman score showed 
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Characteristics of subjects at risk of atherosclerosis
Among the subjects at risk of atherosclerosis according to Wildman, 34% had unhealthy food habits, with recommendation for improvement, compared to 22% in the group of subjects not at risk. Furthermore, 5.1% of the subjects at risk were classified as having low muscle strength when measured by handgrip, as compared to 3.4% in the nonrisk population. Regarding aerobic fitness, 44% of the women and 53% of the men in the risk population had low oxygen uptake (VO 2 max in mL/kg/min), compared to 19% of the women and 33% of the men in the nonrisk population. A comparison between subjects at risk and subjects not at risk is presented in Table 3 .
In the total studied population, 47% of the subjects with a metabolic abnormal phenotype, ie, persons at risk of CVD, had low aerobic capacity as compared to 23% in the nonrisk group, P<0.001.
When the groups were compared, no significant difference in cIMT was observed between subjects at risk of atherosclerosis and subjects without a metabolic vulnerable phenotype according to Wildman.
Discussion
The main finding in the present study was that high aerobic fitness was associated with low CVD risk. In the study population, 15% were insulin resistant (HOMA-IR), and 35% of the women and 25% of the men had HDL-C lower than recommended. When using Wildman's definition, 12% of the subjects were classified as being at risk of CVD.
One of the rationales for this study was to evaluate food habits in a young Swedish population, consisting mostly of students at Örebro University. In a previous large study, the Västerbotten Intervention Program in the WHO MONICA project, an increase in BMI had been observed in the Swedish population. The increase started in 2004 and was associated with an increase in the intake of saturated lipids. 9 In the present study, 24% of the subjects scored low on the index of food habits, as measured by points from the Swedish National Food Agency test. The low score may be caused by a high intake of saturated lipids but could also depend on lack of fiber, vegetables, or fruit. However, no significant difference in food habits was observed between subjects at risk of atherosclerosis according to Wildman and subjects not at risk. The dietary habits of the study population need to be further elucidated in the future.
In the present study, fitness was measured as VO 2 max and handgrip strength. Less than 5% were characterized as having low muscle strength, and >47% of the women and 30% of the men were classified as having high muscle strength compared to age-and sex-specific reference values. 13 This was an expected result since data from the questionnaires indicated that strength training is popular in this age group. When handgrip strength was compared between subjects at risk and subjects not at risk of atherosclerosis, we observed a difference between the groups, but only in the female population. Women at risk of atherosclerosis and CVD had significantly lower muscular strength as compared to the women not at risk. One explanation for the lack of difference between the groups in the male population could be the lower number of male subjects in the LBA study.
From a previous large-scale study at the Swedish School of Sport and Health Science, it is known that aerobic fitness is associated with reduced cardiovascular risk in Swedish subjects aged 20-65 years. 24 In the LBA study, aerobic fitness measured as maximal oxygen uptake (mL/kg/min) differed between the subjects at risk of atherosclerosis and the nonrisk population. In the subjects with a metabolic abnormal phenotype, ie, at risk, 47% had low aerobic fitness measured as VO 2 max compared to 23% in the healthy part of the studied population, P<0.001. The findings suggest that 67 (7) 68 (9) Heart rate/min 72 (11) 66 ( 
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Furthermore, we found that 15% of the study population was already insulin resistant before the age of 26. There were also a large number of persons with dyslipidemia in the form of low HDL-C: 35.1% of the women and 25% of the men had HDL-C lower than recommended. This is in line with the study by Dalleck and Kjelland who studied the prevalence of metabolic syndrome in college students aged 18-24 years in USA. They found that 6.8% of the students suffered from metabolic syndrome. From their results, they concluded that there is a need for primary prevention programs at universities and colleges in USA. 25 A study of university students in Brazil found similarly that many young subjects have metabolic syndrome and low HDL-C. They found that 21% of the students were insulin resistant and that as many as 61% had low HDL-C. 5 A problem with this type of studies is that there are several definitions of insulin resistance. In the study from Brazil, insulin resistance was defined as HOMA-IR >2.7, while in the present study >2.52 mmol/L was used as the limit. A direct comparison between data is therefore difficult. Despite this, the Brazilian study found even more insulin-resistant subjects than the LBA study. They also found more subjects with low HDL-C as compared to the LBA study. One explanation could be lifestyle differences between Brazil and Sweden. Another explanation could be the age of the subjects: in the study from Brazil, the age of the subjects was 20-30 years. From their results, they concluded that the burden of CVD will be increased in the future. 5 To reduce the risk of CVD it is recommended to have HDL-C values above 1.5 mmol/L. 26 It is worrying that a young population, more than 30% of the participants in the present study, has HDL-C levels lower than recommended. Nevertheless, according to Wildman's definition 14 used in this study, one biomarker is not enough for a subject to be diagnosed with a metabolically abnormal phenotype. Low HDL-C in combination with high blood pressure, triglycerides, glucose, CRP, or HOMA-IR was however present in 98 of 834 subjects (68 women and 30 men, 12%). A weakness in the present study was that there were more than twice as many female subjects, and this is reflected in the lower number of male subjects at risk. Women showed a greater interest in participation. From a family background perspective, the LBA subjects represent the source population very well. The age group-specific numbers for being born outside Sweden are identical (10%) and having at least one parent born outside Sweden is 25% for Sweden as a whole and 24% for the LBA study population. 27 cIMT is a generally accepted marker of subclinical atherosclerosis in young adults. In several studies, it has been found that cIMT progression was associated with obesity and low physical activity. 2, 28 In the LBA study, physical activity was not presented and no correlation was found between aerobic fitness expressed as VO 2 max (mL/kg/min) and cIMT. The reason for the difference between the referred studies and the LBA study is not known. One explanation could be that the majority of the subjects in the LBA study, especially the women, had normal BMI and were well trained. Despite the strong relationship between cIMT and CVD risk reported by previous studies, 2, 29, 30 aerobic fitness appears to have a modest effect on cIMT in young subjects. 31, 32 In the HELENA study, adolescents 12.5-17.5 years from 10 European centers were studied, and it was concluded that prevention strategies should focus not only on decreasing fatness and increasing cardiorespiratory fitness but also on enhancing muscular strength. 33 It has also been shown in the HELENA study that muscular and cardiorespiratory fitness are independently associated. 34 Results from the present study support the conclusions from the studies by Dalleck, 25 Barbosa, 5 and the HELENA study 34 that CVD may increase in the future, and that there is need for early prevention aiming to increase both muscle strength and aerobic fitness in young subjects to prevent CVD. If aerobic capacity is regained, it may have a beneficial effect on cardiometabolic health in the future. 35 Using Wildman's definition, 12% of the young healthy Swedish subjects were classified as being at risk of CVD. Food habits did not differ between those at risk and those not at risk. 
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Fernström et al Aerobic fitness measured as VO 2 max (mL/kg/min) did however differ: 47% of subjects at risk had low aerobic fitness compared to 23% of the nonrisk subjects, P<0.001. In the present study, no difference in the questionnaire score on food habits was observed compared to the general Swedish population.
Conclusion
High aerobic fitness is associated with low CVD risk in Swedish young adults. The high prevalence of young adults observed with unfavorable levels of HDL-C and HOMA-IR raises concerns about future CVD risk. Our results highlight an urgent need for increased counseling about healthy lifestyle and intervention programs directed toward young adults.
